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In this study most sections of E. subg. Entoloma are represented, but the main focus is on species of E. sect. Entoloma (sensu Noordeloos 2004 ) that have been recorded from a wide range of geographical regions. The selection includes: 1) Entoloma sinuatum (Bull.: Fr.) P. Kumm., a notorious poisonous ECM species (Agerer 1997) described initially from Europe and commonly recorded also from North America (e.g., Graham 1944 , Roody 2003 , Matheny et al. 2006 ; 2) Entoloma bloxamii (Berk. & Broome) Sacc., a taxon with purple-blue coloured tricholomatoid basidioma, that was initially described from Europe and is also commonly recorded in North America (e.g., Hesler 1967 , Largent 1994 , Roody 2003 , Baroni & Matheny 2011 . Entoloma bloxamii is included in the red list of European fungi (Dahlberg & Croneborg 2006) . Similar species have been collected in Australasia and are also included in this study. This complex also comprises similar taxa without blue pigments, viz. E. rubellum. 3) Entoloma prunuloides (Fr.: Fr.) Quél., the type species of the subgenus, that was initially described from Europe and often reported from North America (e.g., Largent 1994 , Matheny et al. 2006 . The infraspecific variety E. prunuloides var. obscurum Arnolds & Noordel. is also included. 4) Entoloma nitidum Quél., an ECM fungus (Montecchio et al. 2006) initially described from Europe and recorded from North America and Australasia (Miller & Farr 1975 , Horak 1980 .
The focus of this study is on the systematics and phylogeography of taxa in E. section Entoloma and aims 1) to delimit phylogenetic species in these presumed species complexes and define their biogeography with molecular phylogenetic methods across three major geographical regions (Europe, North America and Australasia); and 2) to determine which morphological characters are useful for species circumscription.
MATERIAL And METHodS

Isolates and DNA extraction
Sixty-one collections were analysed from the four morphospecies (and possible species complexes), representing different regions of putative distribution. The collections included in this study, their geographic origin, collection reference and public database accession number are summarized in Table 1 . DNA extraction protocols have been described previously (Co-David et al. 2009 ).
PCR and DNA sequencing
DNA sequences were obtained from four loci: internal transcribed spacer (ITS) (including ITS1, 5.8S and ITS2) , nuclear large ribosomal subunit (LSU), nuclear RNA polymerase II second largest subunit (rpb2), and mitochondrial ribosomal small subunit gene (mtSSU). The primers, PCR and sequencing protocols have been described previously (Co-David et al. 2009) , with the exception of the primer pair used for ITS, which was ITS1F and ITS4 (White et al. 1990 ). The newly generated sequences for this study have been submitted to GenBank (Table 1) . Additionally, all relevant and available homologous sequences from public databases, GenBank and UNITE were included in the phylogenetic analyses (Table 1) .
Phylogenetic analysis
Sequences were aligned, for each region independently using MUSCLE (Edgar 2004) , MAFFT (Katoh & Toh 2008) , Kalign (Lassmann & Sonnhammer 2005) and ClustalW2 (Larkin et. al. 2007 ). MUMSA (Lassmann & Sonnhammer 2006) , a tool for automatic scoring of alignments, was used to choose the best alignment. MUSCLE had invariably the best score and therefore was used for the following steps. The alignments were visually checked for conspicuous errors (comparing the alignments of the most closely related sequences) with the software Se-Al v2.0a11 Carbon (Rambaut 2002) . Homologous sequences of Lyophyllum leucophaetum and Rugosomyces carneus were also included in the sequence alignment step and used to root all trees. For each locus we reconstructed a maximumlikelihood (ML) phylogeny using Garli 2.0 (Zwickl 2006) using a general-time-reversible model with a proportion of invariable sites and gamma distribution rate of variable sites. Gaps were scored as 'missing data'. The bootstrap (BS) test (Felsenstein 1985) was calculated with 500 replicates. Bootstrap values of 70 % or greater were considered significant. ML phylogenies of individual loci were compared for their concordance, taking into account phylogenetic placement and internal nodes with significant BS support. Since there was no discordance among the gene trees, the alignments were concatenated in a combined dataset in Geneious Pro 5.5.7 (Drummond et al. 2011 ). The combined dataset was then used to conduct a final phylogenetic reconstruction using ML in Garli 2.0 with the same settings as above. We performed also Bayesian inference (BI) using MrBayes 3.2 (Ronquist et al. 2012) , with two independent runs of 5 million generations, sampling every 1 000th generation. Although likelihood values converged already after 30 000 generations, a majority rule consensus tree was calculated on the last 2 500 sampled trees (from the last 2 500 000 generations) to obtain Bayesian posterior probability (BPP) values for the branches. Both ML and BI were run using a general-timereversible model with estimated nucleotide substitution rates and estimated proportion of invariable sites.
The High Performance Computing cluster maintained by the University of Alaska Fairbanks (UAF), Biotechnology Computing Research Group (http://biotech.inbre.alaska.edu/) was used to run MUSCLE, MAFFT, Clustal W2, Garli 2.0 and MrBayes. The European Molecular Biology Laboratory -European Bioinformatics Institute (EMBL-EBI), was used to run the online version of Kalign. The Center Stockholm Bioinformatics was used to run the online version of MUMSA.
Morphological analysis
The macroscopic descriptions and notes on the ecology of the basidioma were made based on freshly collected material, and photos were taken whenever possible. Colour notations follow Kornerup & Wanscher (1978) . Microscopic features were observed on dried material following standard methods with a Leica DM1000 microscope and drawn with the help of a drawing tube. For microscopic measures an Olympus BH2 microscope was used, and pictures were taken with a Soft Imaging System Colorview I CCD-camera with Olympus Cell^D software. For basidiospore measurements the hylar appendage was excluded, and the following abbreviations were used: Q = quotient between the measures of length and width; Qav = average value of Q values.
Entoloma bloxamii (Berk. & Broome) Sacc. and E. madidum (Fr.) Gillet are nowadays accepted as conspecific taxa (e.g., Largent 1974 , Noordeloos 1992 and considered synonyms by contemporary authors (Moser 1978 , Noordeloos 1984 , 1992 , Largent 1994 . However, during the previous century several authors recognised them as distinct taxa (either at inter-or intraspecific rank) based on spore size and odour (Konrad & Maublanc 1924 -1932 , Kühner & Romagnesi 1953 , Largent 1974 . Therefore, all the collections belonging to the clade of E. bloxamii were tested for statistical differences in spore size (length and width) range between the detected phylogenetic species. Six-hundred-and-thirty measurements (30 per collection) were made and graphically confirmed that the data followed a normal distribution. Then the phylogenetic species (recovered from the results of the phylogeny) were tested for significance on the size of spores (width and length) using a general linear mixed model (GLMM) with phylogenetic species as explanatory variables and collections as a random factor (to account for multiple sampling within a collection). Pairwise comparisons between all pairs of species were performed with Tukey range test. All statistical analyses were carried out in R (R development core team 2012).
Biogeographic analysis
All sequences included in the phylogeny were tested for statistical differences between the three geographical areas, Australasia, Europe and North America. The ML phylogenetic tree generated for inferring species limits was used to carry out Fast UniFrac analysis (Hamady et al. 2010) . UniFrac Significance and P-test (Martin 2002) were calculated to assess differences among the geographic areas sampled. The UniFrac significance is calculated as the percentage of branch length leading to descendants from only one of the environments represented in the phylogenetic tree, and reflects differences in the phylogenetic lineages in one geographic area versus the others. The P-test estimates similarity between geographic areas as the number of parsimony changes (transitions from one geographic area to another on the phylogeny) to explain the distribution of sequences between the different geographical areas in the phylogeny. As a remark, we initially tested whether or not there is any phylogeographic structure between Eastern and Western North America, but because there was no significant difference, we combined them for the final analysis.
Species recognition criterion
To delimit species boundaries we applied the phylogenetic species (PS) concept. The PS concept comprises more than one definition, and Taylor et al. (2000) provided a comprehensive discussion with study cases from the fungal kingdom. In our study we followed the genealogical concordance method for species delimitation that minimizes subjectivity from the recognition of species boundaries (Avise & Ball 1990 , Taylor et al. 2000 and that has already been widely applied to study fungal species delimitations (e.g., Taylor et al. 2000 , Dettman et al. 2003 , Geml et al. 2005b , van de Putte et al. 2012 ). This concept is based on the comparison of gene geneologies and follows the assumption that the recombination between individuals of the same species can create conflict among gene genealogies, and the transition between concordance and discordance demarks the species limits (Taylor et al. 2000) . We distinguished morphological varieties and forms within phylogenetic species based on morphological differences.
RESuLTS
Molecular analysis
In this study, a total of 138 new sequences were generated, 78 from the ITS, 28 from LSU, 30 from mtSSU, and 2 from rpb2. The ITS sequences ranged from 364 to 998 bp in length, the LSU from 403 to 1 057 bp, the mtSSU from 220 to 614 bp and the rpb2 from 566 to 907 bp. The ITS, LSU, mtSSU, rpb2 and the combined dataset alignment consisted of 1 738, 1 129, 650, 926 and 4 434 characters, respectively, including gaps, of which, 680, 319, 117 and 1 444 were parsimony-informative characters, respectively. ML analysis of the concatenated dataset resulted in a single tree (-ln L = 34597.8078) (Fig. 1-4 ).
Phylogenetic diversity in the geographical areas studied
UniFrac analysis revealed that the taxa sampled differed significantly in phylogenetic constituency among the tree major In green colour are collections from Europe, in red from North America and in blue from Australasia, in yellow are species considered to occur in both Europe and North America. geographical areas tested, Europe (EU), North America (NA) and Australasia (AA). In the P-test, the pairwise comparison of these geographical areas indicated that each region is significantly different (0.01 > P > 0.001) from each other (AA vs EU < 0.002 , AA vs NA < 0.002 , NA vs EU < 0.002), while the UniFrac Significance indicated AA as significantly different from EU and NA, and EU and NA only suggestively different (0.05 > P > 0.01) (AA vs EU < 0.002, AA vs NA < 0.002, NA vs EU = 0.084).
Statistical analysis of spore measurements
Spore size (length and width) differed significantly (p < 0.05) between some of the phylogenetic species marked in grey in Table 2 , namely a closely related species pair (E. ochreo prunuloides and E. bloxamii), and a morphologically similar pair (E. bloxamii and E. madidum). The resulting box plot with range, mean and variance of spore length is provided in Fig. 5 and P values of the pairwise comparison are summarized in Table 2 .
Species identification
With the combination of molecular phylogenetic and morphological tools, we were able to uncover consistent morphological patterns between the collections that formed phylogenetic species. The species complexes analysed here are placed in two major clades, one of which is further divided in two clades ( Fig. 1-4 ).
Clade A (Fig. 4) , the 'rhodopolioid' clade in Co-David et al. (2009) , mainly includes collections from Europe and North America. Almost all collections of the E. sinuatum complex are restricted to this well-supported clade (100/0.99) with the exception of E. luridum. All European (EU) collections labelled 'E. sinuatum' clustered in a monophyletic and highly supported clade (95/1.0), while the North American (NA) collections (both ours and the publicly available sequences) formed several sister clades. The more closely related clusters from North America represent distinct taxa, namely E. subsinuatum Murrill and E. whiteae Murrill. They differ morphologically mainly in pileus colour, which is obvious at least in the young basidiomata, and in the slightly hygrophanous pileus in the latter species. The remaining sequences from North America designated as E. sinuatum available in public databases, did not cluster in the above groups, are of unknown identity. Entoloma flavifolium, a NA species that shares the character of yellow lamellae with E. sinuatum, appears sister to E. albidum (which does not have yellow lamellae). Entoloma albidum and E. flavifolium differ on several morphological characters, viz. pileus and lamellae colour, spore size range and presence or absence of caulocystidia. Taking into account that this clade receives significant support for every locus and that a collection labelled as E. flavifolium TB6215 (from Moncalvo et al. 2002) appears as a minor distinct branch to the above pair, this clade likely represents a putative species complex, perhaps, with origin on the taxonomic 'over-reliance' on the yellowish colour of the lamellae. Entoloma luridum Hesler, which macroscopically resembles E. sinuatum due to the tricholomatoid habit, pale pileus and strong yellow lamellae, is an independent and phylogenetically distant species, belonging to clade B2 of our study. It appears to be closely related to E. manganaense, a yellow-gilled species recently described from Tasmania (Gates & Noordeloos 2007 Since there is no phylogenetic divergence from the remaining E. nitidum populations, the taxa are considered conspecific.
The E. prunuloides complex, in clade B2, is not monophyletic because the European E. ochreoprunuloides (previously known as E. prunuloides var. obscurum Arnolds & Noordel.) is placed in a different clade than the type variety. Only one collection from NA appears closely related to the EU ones, but it is placed in a sister position to them with maximum BS support and BPP. Because it also shows slight morphological differences in pileus colour and spore size it is considered a sister species and described as a distinct taxon, E. pseudoprunuloides, in the taxonomy section below. Two other collections from Canada with smoky-grey basidiomata have a distinct and well-supported phylogenetic placement and represent a novel species that is described as E. fumosobrunneum below.
The E. bloxamii species complex, in clade B2, is paraphyletic and comprises three distinct lineages (clade I, II and III, Fig. 3 collection from California. The morphology of both collections is similar, therefore, they seem to be conspecific.
In clade III, sister to E. prunuloides and E. pseudoprunuloides, appears a cluster of several collections solely from western North America labelled (in Fig. 3 ) as E. bloxamii-NA that receives maximal BS support and PP, which represents a distinct and most likely undescribed species. However, since the data on the macroscopic features of these collections is incomplete, we refrain from describing it as a new species at this time.
Clade II is a cluster of EU collections that splits in two phylogenetic species. In both lineages there is a considerable variation in colour of the basidioma. In the E. ochreoprunuloides cluster, there is one collection that has ochre to light brown colours, two with pink-ochre and one with violaceous-blue pileus. Micro scopically the collections are similar. Therefore, they are considered conspecific with distinct infraspecific colour varieties. The second lineage in clade II, which does not receive significant support, contains a cluster of collections, which have either a blue or a pink pileus. This clade represents E. bloxamii in the strict sense, since the micromorphology of the spores agrees with the type. As the holotype is in poor condition and unsuitable for DNA analysis, an epitype is designated below. The pink coloured collections fit well with the concept of E. rubellum, which is phylogenetically conspecific with E. bloxamii and will be distinguished on variety level. Since no type material is available of Agaricus rubellus, a neotype is selected here. Further details are provided in the taxonomic part below.
dISCuSSIon
Phylogeographic trends
The Fast UniFrac analyses indicate that composition of Ento loma species is significantly influenced by geographical regions. The lineages from Australasia showed the strongest divergence and are all placed in clade B of the phylogeny, where they show a general pattern of having representatives in virtually all the sub-clades with basal positions to their closest relatives in the Holarctic. This pattern suggests that Australasia might be an ancestral area in this clade.
Clade A solely contains collections from the Holarctic. Most sub-clades have representatives from both continents that show phylogenetic segregation, and most likely reproductive isolation. This pattern supports the hypothesis of allopatric speciation which has been noted in other fungal biogeographic studies (e.g., Taylor et al. 2006 , Geml et al. 2008 , Giraud et al. 2008 , Moncalvo & Buchanan 2008 .
The UniFrac analyses (P-test) showed that there is a significant difference in phylogenetic structure between Europe and North America. This result supports our general interpretation of the species distribution limits. From our interpretation of the species, we argue that NA collections of 'E. sinuatum' do not appear to be conspecific with the EU ones, and therefore we assume that this taxon is not present in NA. On the other hand, several closely related taxa, viz. E. subsinuatum and E. whiteae, to our knowledge, are restricted to North America. Entoloma prunuloides follows the same pattern with the species itself apparently being absent from North America, where the resembling collections represent several related, well delimited species, viz. E. pseudoprunuloides and E. fumosobrunneum that are restricted to North America. Entoloma bloxamii is restricted to Europe, were three other related and morphologically similar species occur, E. caesiolamellatum, E. madidum and E. obscureoprunuloides. In sharp contrast with the rest of the 'bloxamii look-alikes', there are preliminary data to raise the hypothesis that the later mentioned taxon is also present in western North America, although more collections are needed to test this hypothesis. Interestingly, most of the 'bloxamii lookalikes' from North America included in this study represent a distinct and undescribed species, E. bloxamii-NA, which appears to be restricted to western North America and seems to occur in sympatry with E. caesiolamellatum.
On the other hand, the EU and NA collections of E. nitidum appear to be conspecific. That implies this taxon has a wide distribution in the Northern Hemisphere unlike most species addressed in this study. The similar taxa from Australasia are distinct and represent several related and morphologically welldelimited species that have not been found outside Australasia. Entoloma nitidum is an ECM fungi (Montecchio et al. 2006 ) that seems to have a broad range of hosts (Noordeloos 1992) . To our knowledge the earliest record of this species for North America is from 1963 by Morten & Farr (in Miller & Farr 1975) , however, it is absent from the main taxonomical revisions dealing with North American Entoloma and satellite genera (Hesler 1967 , Largent 1994 ), making it difficult to raise hypothesis to justify the observed pattern.
Morphological characters useful for species delimitation
In this study, the phylogenetic species detected by the genealogical concordance species recognition criteria are all supported by morphological characters and no real cryptic species seem to occur. In a broad overview, for the taxa included in this study, most can be diagnosed with the combination of the following characters: spore morphology, basidioma habit, colours and their evolution in the basidioma development and hygrophaneity of the pileus.
The diagnostic morphological characters for distinguishing taxa around E. sinuatum are the combination of the following characters: spore morphology, colour of the pileus of the young basidioma, colour of the lamellae and its persistency during the basidioma maturation and the hygrophaneity of the pileus. Interestingly, the NA sister species, E. subsinuatum appears to be equally toxic as the EU E. sinuatum, with a few intoxication cases during the last two decades in Québec (A. Voitk pers. comm. and Y. Lamoureux pers. obs.). For the E. prunuloides group, the diagnostic characters are the spore size and pileus colour. For E. nitidum and look-alikes, the diagnostic characters are the combination of spore morphology, basidioma habit and pileus colour, while for E. bloxamii and related taxa, the combination of spore morphology, basidioma colour and its persistency, especially in the pileus and stipe apex can be considered diagnostic.
Phylogenetically informative characters
Even though the previously mentioned characters are crucial for species delimitation, by itself, only spore morphology can be regarded as phylogenetically reliable in the group of taxa studied. This feature was already discussed by Co-David et al. (2009) , who divided Entoloma spore types in 3 groups: 1) regular entolomatoid spores, that have completely interconnecting ridges to form facets and that have no isolated bumps; 2) irregular entolomatoid spores with at least one facet not delineated by ridges, and without bumps; and 3) very irregular entolomatoid spores with bumps.
Our study includes the 3 spore types and the results support the distinction between regular entolomatoid spores and the latter two types. However, the phylogenetic divergence between species with irregular and very irregular entolomatoid spores is not significantly supported by BS and PP, because E. zuccherellii, that possesses very irregular spores, did not form a monophyletic group with other species that also have very irregular entolomatoid spores, such as E. nitidum and the related taxa. Therefore, our results confirm the findings of Co-David et al.
(2009) as opposed to the work of , that suggested this feature as monophyletic with a basal position in the genus Entoloma, that they used to separate the species with very irregular spores as a new genus.
As for the other morphological characters that received varying amount of emphasis in the traditional systematics of these groups of species, it seems that interpretation of single characters have been overly emphasized. The presence of yellow colour in the lamellae apparently evolved independently at least two times, as it is found in both major clades (clade A, in E. sinuatum, and clade B in E. luridum and E. manganaense).
Entolomatoid species with irregular entolomatoid spores, tricholomatoid habit and purple-bluish colours represent more distinct and diverse taxonomic units than previously assumed. Species with these characteristics are restricted to clade B. Even though they were not statistically tested, and that our study was only partially directed to these taxa, it seems plausible to raise the hypothesis that these features could represent a synapomorphy for the clade.
ConCLudIng REMARKS
Allopatric divergence has long been thought to be the main process of speciation (Mayr 1963) , since extrinsic geographic barriers are impediments to gene flow. Finlay (2002) suggested that fungi could be exceptions since eukaryotic microorganisms have long been considered to have little dispersal limitations and, thus, global geographic ranges. Our study provides evidence for strong phylogeographic and biogeographic partitions in the genus Entoloma that is in agreement with already observed trends in many fungal species ).
The integration of molecular phylogenies in systematic studies has reshaped our understanding of morphological features in an evolutionary context. Since Fayod (1889), spore morphology in Entolomataceae has received increasing emphasis in systematic studies. Lately this trend has been reinforced by studies involving molecular tools, e.g., Co-David et al. (2009) , and Baroni & Matheny (2011) . Our results provide an example from the genus Entoloma for the importance of spore morphology as a key character in the systematics of the Entolomataceae.
Global climate change and habitat loss are main threats to biodiversity. Fungi form one of the most diverse groups of organisms, yet their conservation has attracted very little attention. In this paper, E. bloxamii, an endangered species in Europe (Dalhberg & Croneborg 2006) , is revealed to be a complex of several distinct phylogenetic species and is a good example of the current knowledge on the diversity and distribution of fungi and the importance of employing phylogenetic methods in studies dealing with systematics, biogeographic distribution and conservation biology.
TAxonoMIC pART
I. Entoloma sinuatum complex, characterized by robust tricholomatoid basidiomes with yellow lamellae, at least when young 1. Entoloma subsinuatum Murrill, N. Amer. Fl. 10, 2: 125. 1917. -Fig. 6a, 7 Pileus 50 -150 mm broad, conical to hemispherical when young, expanding to convex or almost flat with or without low umbo, with inflexed margin when young, then straight, and slightly extending over the gills, finally irregularly undulating and splitting, not hygrophanous, not translucently striate, very pale cream-colour sometimes mixed with grey to almost white Notes -We present here a full description of the North American E. subsinuatum to facilitate a comparison with the European E. sinuatum. Distinctive features of this species are the fairly robust basidiocarps with firm flesh, the pale colour, the lamellae tinged yellow when young and a rather unpleasant smell. This North American taxon appears to be equally poisonous as the European sister species E. sinuatum. The original description of E. subsinuatum (Murrill 1917) Notes -Entoloma whiteae is well characterized by the slightly hygrophanous aspect and the relatively dark colours in the pileus and pale yellow lamellae when young. Unfortunately, we were not able to study the type. It belongs to a group of closely related and similar species, that are fairly poorly known, such as E. griseum Peck and E. grande Peck, both lacking yellow tinges in the lamellae, and with a more grey tinged pileus (Noordeloos 2008 Notes -Entoloma flavifolium has a distinctly pigmented pileus, brittle flesh, and relatively thick-walled, pronouncedly angled spores. It is easy to recognize in the field. The present description is based on many observations by YL on the same spot for almost 15 years. Although Peck (1906) originally described it as a rather pale species, it is assumed that his specimens were not fresh but dried out when he studied them. Noordeloos (2008) published a detailed type study. Entoloma flavifolium belongs to (section) Rhodopolia, where it is distinct because of the often intensely yellow tinged lamellae, particularly when young. Entoloma sinuatum and E. luridum are paler, and more robust species with a less pronounced hygrophanous pileus. In addition, the yellow tinges in the lamellae of E. sinuatum are less intense. Entoloma luridum has brightly yellow lamellae, and smaller, thin-walled, less pronouncedly angled spores. Judging from the description and photograph in Largent (1994) , E. pseudolividum Largent is very similar to E. flavifolium. We have not yet studied material of this species. Entoloma cerinum E. Horak from New Zealand also has yellowish lamellae when young, which turn dark-pink, however, with age, the pileus is very dark brown, and the hyphae are clampless (Horak 2008) . Hesler, Beih. Nova Hedwigia 23: 66. 1967. -Fig. 6d , e, 10
Entoloma luridum
Pileus 40-120 mm, conical then conico-convex finally irregularly applanate with or without conical umbo, with regular, deflexed margin, distinctly hygrophanous, hardly translucently striate at margin only, very pale creamy white, ivory or very pale brownish, pallescent on drying to almost white, glabrous somewhat greasy to touch but not viscid. Lamellae rather crowded, adnate-emarginate, segmentiform to subventricose, persistently bright citrine-yellow (about 5 × 8/6-7/6) when mature with pink tinge, with irregularly eroded, concolorous edge. (Gates & Noordeloos 2007 , Gates et al. 2009 , Noordeloos & Gates 2012 have similar persistent yellow lamellae, and small, poorly angled spores, but differ by the presence of blue pigments in the pileus and/or stipe. Entoloma subsinu atum, which may occur in similar habitats, has less pronounced yellow lamellae (Fig. 10) , a hardly hygrophanous pileus, and larger, more pronouncedly angled spores. Entoloma flavifolium and E. pseudolividum differ by having a brownish pileus, and distinctly angled, slightly larger, thick-walled spores, which place them in the rhodopolioid clade.
II.
Entoloma prunuloides group, characterized by small to medium sized tricholomatoid habit and pale to dark brown colours Morgado & Noordel., sp. nov. -MycoBank MB802144; Fig. 6f, 11 Etymology. pseudo (L) = pseudo, referring to the likeness with E. prunu loides.
Entoloma pseudoprunuloides
Pileus 40 -60 mm, conico-convex with involute margin, expanding to convex or plano-convex with umbo and deflexed margin, not hygrophanous, not translucently striate, pale to moderately dark yellow-brown (10 YR 8/4, 7/3 -4) glabrous, with micaceous patches at centre. Lamellae rather crowded, L = 80 -90, l = 3 -5, adnate-emarginate, segmentiform to subventricose, white then sordid pink with serrulate, concolorous edge. Stipe 20 -50 × 8 -13 mm, cylindrical, attenuated at base, white with pale brown tinges, base white with slight yellow tinge, innately fibrillose, smooth. Context white. Smell and taste strong, farinaceous-rancid. Spores 6.5-8.1 × 6.5-7.8 µm, average 7.5 × 7.1 µm, Q = 1.0 -1.17, Qav = 1.05, isodiametric, 5-7-angled in side view. Notes -Entoloma pseudoprunuloides resembles the European E. prunuloides in habit and also in microscopic characters very much. The main distinguishing characters are the darker pileus and slightly different spores. Morgado & Noordel., nom. nov. -MycoBank MB802176; Fig. 6g Pileus 20 -50 mm broad, conical soon expanding to planoconvex with low umbo, with straight margin, weakly hygrophanous, moderately dark brown with greyish brown centre (K&W 6D4-6E5), finely radially wrinkled. Lamellae, L = ± 40, l = 3-5, moderately distant, adnate-emarginate, sordid pink with entire, concolorous edge. Stipe 30-50 × 5-8 mm, cylindrical, straight, off-white to pale grey-brown, much paler than pileus, innately fibrillose lengthwise. Context concolorous, rather firm. Smell and taste farinaceous. Spores 5.9-7.1 × 5.7-7.2 µm, average 6.6 × 6.4 µm, Q = 1.0 -1.16, Qav = 1.04, isodiametric, 5-6-angled. Basidia (27-)30-35(-43) × 8-11.4 µm, 4-spored clavated, clamped. Lamella edge fertile. Hymenophoral trama regular, elements cylindrical to inflated, 62-148 × 14-38 µm. Pileipellis in the centre a cutis with narrow cylindrical elements of 23-48 × 1.5-7 µm; in the middle of the radius a cutis of cylindrical elements of 29-60 × 2-8 µm and with brown pigment, intracellular and diffuse; subpellis very well differentiated, made of inflated to rounded elements, 35-69 × 22-34 µm with diffuse, intracellular, brown pigment and also parietal pigment. Pileitrama made up of cylindrical to somewhat 'sausage' shaped elements, ranging 33-105 × 7-23 µm, with intracellular, diffuse pale yellow pigment. Vascular hyphae present. Stipititrama regular, made up of cylindrical elements, 56-140 × 15-28 µm with pale, diffuse, intracellular pigment. Caulocystidia absent. Clampconnections abundant. 
Entoloma ochreoprunuloides
Entoloma ochreoprunuloides forma hyacinthinum
Noordel. & Morgado, forma nov. -MycoBank MB802148; Fig. 6h Holotype. United KinGdom, Pembrokeshire, Somerton Farm, 25 Sept. 2010, David Harries (L).
Differs from the typical form of E. ochreoprunuloides by having brown-violet tinges in pileus and stipe.
7. Entoloma fumosobrunneum Noordel. & Morgado, sp. nov.
-MycoBank MB802145; Fig. 12a, 14 Pileus 30 -70 mm, convex then plano-convex with low broad umbo, with first involute then deflexed, often undulating margin, not hygrophanous, not translucently striate, very dark greybrown to grey at centre, slightly paler, variegated with lighter streaks towards margin, innately fibrillose on margin, slightly to distinctly rugulose or veined at centre, and often covered with a fine bloom or micaceous patches. Lamellae crowded to very crowded, L = 80 -90, l = 3 -7, segmentiform to subventricose, pale greyish cream then sordid pink with uneven, concolorous edge. Stipe 40-65 × 12-15 mm, cylindrical with broadened base (-18 mm), whitish with grey-brown fibrillose covering in upper half or three quarter, white or tinged yellow at base. Context thick, white. Smell and taste strongly farinaceous. Spores 5.8-7.9 × 5.7-8.4 µm, average 6.9 × 6.6 µm, Q = 1.0 -1.16, Qav = 1.04, subisodiametrical, 5 -6-angled, with relatively thick walls. Basidia (32-)35-42(-47) × 9-12 µm, 2-and 4-spored, clavate, often with pale intracellular pigment, clamped. Lamella edge fertile. Cystidia absent. Hymenophoral trama regular, made up of cylindrical hyphae, ranging 30-140 × 8-35 µm, with vascular hyphae. Pileipellis 2-layered, suprapellis an ixocutis of narrow cylindrical, 2.5 -9.5 µm wide hyphae, at centre sometimes with transition to an ixotrichoderm of 2 -7 µm wide; subpellis a well differentiated layer of inflated hyphal elements, 35 -75 × 7-38 µm. Pileitrama regular, made up of elongated hyphae ranging 34 -74 × 7-38 µm, with vascular hyphae present. Pigment intracellular, yellowish to brownish, diffuse and agglutinated in pileipellis and upper pileitrama. Stipitipellis a cutis of narrow, cylindrical hyphae, 2-7 µm wide. Stipititrama regular, made up of inflated elements, 51-197 × 9-23 µm with diffuse yellowish intracellular pigment and sometimes refringent walls. Clamp connections abundant in all tissues.
Habitat & Distribution -In groups in grassland with scattered Abies balsamifera. Newfoundland, Canada, only known from the type locality. Notes -Entoloma fumosobrunneum is characterized by the smoky brown pileus and stipe, finely rugulose to distinctly veined surface of pileus, and relatively thick-walled, 5-6-angled spores. Entoloma ochreoprunuloides lacks grey tinges and has slightly smaller and more thin-walled spores. Ento loma tephreum Hesler from the Smoky Mountains resembles E. fumosobrunneum in having grey tinges in the basidiocarps, but is more fragile with a translucently striate, hygrophanous pileus, and has many-angled, very thin-walled spores, similar to those found in E. sect. Turfosa (Noordeloos 1984) .
III. Entoloma bloxamii and look-alikes; characterized by blue pigmented, tricholomatoid basidiomes
In the older literature, E. bloxamii and E. madidum are sometimes treated as two different species, or as one, more variable species. Entoloma bloxamii originally was described as a relatively robust species with a dark blue-purple pileus and cylindrical stipe, attenuated towards the base. Agaricus madidus originally is a species with equally dark blue pileus but with a clavate stipe with a broad base and having a fetid odour (like Russua foetens). However, because of similarity in colour and the variability of the shape of the stipe, Quelet (1886) considered them synonymous and placed bloxamii as only a variant of madidus. Konrad & Maublanc (1924 -1932 distinguish two species: Rhodophyllus bloxamii with a robust basidioma, relatively dark colours, a stipe with pointed yellowish base, and spores ranging 8-10 µm in length against R. madidus with a more slender habit, a pileus that fades with age and smaller spores (6-8 µm in length). Kühner & Romagnesi (1953) , Orton (1960) and Moser (1978) adopted the same concept. The results of the present study clearly indicate that the bloxamii-complex in Europe consists of more than one species. Therefore we decided to fix the concept of E. bloxamii and E. madidum with an epitype, respectively neotype. Both species can indeed be distinguished on the spore size and shape, as indicated by Konrad & Maublanc (1924 -1932 The holotype consists of 4 fragments of sliced basidiocarps glued on paper with habit drawings, indicating the centre of the pileus being fuscus, the marginal zone atromentario-coeruleus; stipe concolorous. The type being in a rather bad state, only a few spores could be recovered and measured: 8.5 -10.5 × 7.5-9 µm.
In view of the current insight, that E. bloxamii represents a polyphyletic complex of very similar species, an epitype is designated here to fix the specific epithet bloxamii for the current phylogenetic taxon. Pileus 30-50 mm, conical then conico-convex, hardly expanding with age, with deflexed margin, not hygrophanous, not translucently striate, rather pale greyish blue sometimes with slight brown tinge, losing its blue colour almost entirely with age, then pale greyish brown, glabrous or very slightly innately fibrillose. Lamellae crowded, adnate-emarginate, white then pink with serrulate, concolorous edge. Stipe 20 -45 × 10-18 mm, clavate with broadest part in lower half, almost white, with faint blue or bluish grey tinge, innately fibrillose, base white, sometimes with yellow tinges. Context thick, white. Smell and taste subfarinaceous, but rather weak. Spores 7.4 -9.4(-10.8) × 6.7-9.7 µm, average 8.2 × 8.3 µm, Q = 1.0 -1.2, Qav = 1.01, isodiametric to subisodiametric, thin-walled, 7-10-angled in side-view. Basidia (37-)48 -70(-85) × 11-14.5 µm, clavate to oblong, clamped, 2-and 4-spored. Lamellae edge fertile, cystidia absent. Hymenophoral trama made up of cylindrical hyphae ranging 90 -350 × 15 -60 µm. Pileipellis in the centre is an ixocutis (very gelatinous) made of narrow cylindrical hyphae ranging 20 -74 × 2 -5 µm; in the middle of the radius is an ixocutis but with transitions to an ixotrichoderm, made of narrow cylindrical hyphae ranging 25 -113 × 3 -9 µm; subpellis not differentiated, pileipellis gradually passing into underlying pileitrama. Pigment diffusely intracellular and also in form of agglutinated yellow and light bluish pigment-clots. Pileitrama regular, made up of elongated cylindrical hyphae ranging 53 -343 × 17-43 µm, with intracellular diffuse hyaline and parietal pigment. Stipitipellis is a cutis made of cylindrical narrow 3-9 µm wide hyphae. Stipititrama made up of cylindrical to fusiform hyphae ranging 45-130 × 10-20 µm, with pale to yellow intracellular diffuse pigment and also parietal pigment present. Vascular hyphae present in trama. Clampconnections present and abundant.
Type specimen habitat and general distribution -In short grazed subalpine meadow on calcareous soil at about 1800 -2000 m altitude, probably spread all over Europe, confirmed from Portugal, Italy, Germany and Austria. 9. Entoloma madidum (Fr. ex) Gillet, Hymenomycetes: 399. 1876. -Fig. 12d, 16 Description of the neotype. The Netherlands, prov. Gelderland, Staverden, Loam-Pits, 30 Sept. 2004, M.E. Noordeloos 2004030 (L) .
Pileus 30-80 mm, conical at first, expanding to plano-convex with low, broad umbo, with margin first involute then deflexed, not hygrophanous, not translucently striate, deep blue with violaceous tinge, retaining its colour when old, innately radially fibrillose. Lamellae moderately crowded, adnate-decurrent, white then rather purely pink with irregularly serrulate, concolorous edge. Stipe 40-90 × 10-20 mm, cylindrical, blue-violaceous, at least in upper 3/4, basal part white or with faint yellow tinge, innately fibrillose. Context medium thick, white. Smell and taste farinaceous. Spores 5.9-7.6 × 5.8-7.5 µm, average 6.8 × 6.7 µm, Q = 1.0-1.2, Qav = 1.03, thin-walled, with 6-8-angled in side view, thin wall. Basidia 33-48 × 8.5-10.5 µm, clavate, clamped, 2-4-spored. Lamellae edge fertile. Cystidia absent. Hymenophoral trama regular, elements 43 -95 × 6 -15 µm, with pale blue, diffuse intracellular pigment. Pileipellis a very gelatinouse ixocutis at centre, with some ascending hyphae forming a transition to an ixotrichoderm, made of cylindrical hyphae with elements ranging 30-116 × 2-8 µm, with hyaline bluish diffuse pigment; in the middle of the radius an ixocutis with transitions to an ixotrichoderm, hyphae ranging 30-65 × 3-6.5 µm, with pale blue, intracellular diffuse pigment; subpellis Habitat & Distribution -In poorly managed grassland on heavy loamy soil, with scattered deciduous trees (Quercus, Betula). Probably spread all over Europe, confirmed from Norway, The Netherlands and Italy. Pileus 40-60 mm, conico-convex then convex or plano-convex, with deflexed margin, not hygrophanous, not translucently striate, deep blackish blue all over, innately fibrillose, at centre with micaceous sheen. Lamellae rather crowded, adnateemarginate, dark bluish grey then with pink tinge, with irregular, concolorous edge. Stipe 30-60 × 10-15 mm, cylindrical, upper part dark blackish blue fibrillose on paler background, base white. Smell and taste unknown. Spores 6 -8.1 × 6.3-8 µm, average 7.1 × 7.1 µm, Q = 1.0 -1.13, Qav = 1.01, isodiametric, weakly 5 -6-angled, with thick wall 0.5 -1 µm. Basidia 33-41 × 8.5-10.6 µm, clavate, 2-and 4-spored, with hyaline intracellular pigment. Lamella edge fertile. Cystidia absent. Hymenophoral trama regular, made up of cylindrical elements ranging 45-135 × 11-27 µm, with hyaline to pale diffuse intracellular pigment, vascular hyphae present. Pileipellis an ixocutis with narrow cylindrical hyphae of short length 17-51 × 2-9 µm, with very pale to hyaline intracellular diffuse pigment; in the centre of the pileus the hyphae of the suprapellis are more undulated than in the middle of the radius; subpellis is made of inflated and rounded hyphae ranging 30-72 × 14-45 µm, with dark blue intracellular vaccuolar pigment (absent in the suprapellis). Pileitrama regular, made up of cylindrical hyphae elements ranging 38-100 × 11-35 µm, with pale yellowish intracellular diffuse and dark blue vaccuolar pigment; vascular hyphae present. Stipitipellis a narrow cutis, reaching up to 5 µm wide hyphae, with yellowish to hyaline intracellular diffuse pigment; without caulocystidia. Stipititrama regular, made up of cylindrical elements, 95-207 × 19-61 µm, with thick walls. Pigment blue and yellowish to hyaline intracellular agglutinated and diffuse, respectively; vascular hyphae present. Clampconnections present in all tissues and abundant in the suprapellis. Notes -This species is characterized by rather dull greyish blue tinges in the whole basidioma, including the lamellae. It differs from E. bloxamii by the short length of the pileipellis elements. Similar taxa occur in the USA (TB6117) 11. notes on Entoloma bloxamii-nA from California Largent (1974) studied E. bloxamii look-alikes in the Pacific Northwest of the USA, and made a taxonomical distinction between E. bloxamii and E. madidum based on spore-size. However, in a later work Largent (1994) changed his opinion, and proposed them as a single taxon. As our study shows neither E. bloxamii or E. madidum occur in North America and therefore, the North American collections of E. bloxamii lookalikes need to be re-evaluated.
Entoloma cf. bloxamii from California
Microscopic characters. Spores (6 -)7-9 × 6 -8.5(-9.3) µm, average 7.7 × 7.0 µm, Q = 1.0-1.17, Qav = 1.1, subisodiametric, 5-6-angled in side view. Basidia 40-47 × 10-12 µm, clavate, 2-and 4-spored, with intracellular agglutinated hyaline to greyish pigment. Cystidia absent. Lamellae edge fertile. Hymenophoral trama ranging 22-165 × 5-25 µm, with intracellular diffuse and agglutinated greyish pigment. Pileipellis at centre is an ixocutis made of cylindrical hyphae ranging 21-96 × 2-6 µm, with intracellular yellow diffuse and blue agglutinated pigment, in addition there is also parietal pigment; in the middle of the radius is an ixocutis made of narrow cylindrical hyphae ranging 20 -85 × 3-8 µm, and intracellular diffuse and agglutinated yellow and blue pigment, in addition there is also parietal pigment; subpellis made up of elongated and inflated hyphae in the middle of the radius ranging 35-104 × 15-30 µm, and more or less rounded hyphae ranging 9-35 × 7.5-15 µm, with intracellular diffuse pale yellowish to brownish pigment, and also parietal pigment in the middle of the radius; the pigment is more evident between the supra and subpellis region. Notes -Macroscopic features of the collections studied here are unfortunately missing and since this species possibly occurs in sympatry (in USA CA) with E. caesiolamellatum we prefer to wait for further collections to give a full description and propose this taxon as a new species. Based on the microscopy however, we can already state that the spore size will be a useful character to separate this species from E. caesiolamellatum. Entoloma cf. bloxamii from California (= E. bloxamii-NA in Fig.  3 clade III) has a broader range and on average slightly bigger spores than E. caesiolamellaum.
IV. notes on some other species used in the analysis
12.
Entoloma corneri E. Horak, Beih. Nova Hedwigia 65: 137.
1980. -Fig. 12f, 18 Pileus 37-92 mm, convex-umbonate with inflexed then straight margin, not hygrophanous, not translucently striate, dark olivaceous brown at centre, olive-green towards margin, with white outermost margin, smooth, glabrous, silky shining. Lamellae deeply emarginate, moderately crowded, subventricose, 5-7 mm broad, pale pinkish white with entire and concolorous edge. Stipe 23 -73 × 6 -15 mm, cylindrical, equal or slightly tapering downwards, pale yellow with slightly greyish to olivaceous tinge, whitish at apex and at base, smooth or innately fibrillose. Context white, rather thin in pileus, solid in stipe. Smell sweetish, more or less anise-like. Taste very bitter. Spores 7.0-7.5 × 6.0-7.5 μm, Q = 1.0 -1.15, Qav = 1.05, subisodiametrical, 5-8-angled in side-view, with thin to slightly thickened walls. Basidia 18 -40 × 6 -11 μm, 4-spored, clamped. Lamella edge fertile. Cystidia absent. Hymenophoral trama regular, made up of long, cylindrical elements, 5 -20 μm wide. Pileipellis 2-layered, suprapellis a cutis to ixocutis of very narrow, 2-4 μm wide, cylindrical hyphae; subpellis regular, made up of short, inflated elements, 20 -60 × 5 -20 μm, rather well delimited from underlying pileitrama of cylindrical elements. Clampconnections abundant in all tissues. Notes -Large Entoloma species from E. sect. Entoloma sensu Noordeloos (1992) are rarely found in tropical areas (Horak 1980 , Largent et al. 2008 ). This collection fits fairly well with E. corneri, described from the Singapore Botanic Gardens, and also recorded from New Guinea, differing mainly by the lack of olivaceous tinges in the pileus and pale brown stipe (Horak 1980) . Further studies are needed to determine if this is due to infra-or intraspecific variation. For the time being it seems sensible to use this name for this material. Entoloma olivaceocoloratum Largent & T.W. Henkel from Guyana fits also well with its olivaceous-brown pileus, and yellowish stipe, and small spores (Largent et al. 2008 Notes -The collections studied match well with the original description of E. callidermum from Africa, which also has been recorded from various other tropical areas (Horak 1980 , Karstedt & Capelari 2010 . It is a striking species with a deep blue and velvety pileus, which shows in radial section a perfect hymeniderm of clavate elements, also called a calliderm. This type of pileipellis was the main criterion for Romagnesi to create E. sect. Calliderma within E. subg. Inopilus (Romagnesi 1978) , and later, for Largent (1994) to consider it a genus in its own right. Entoloma rugosopruinatum Corner & E. Horak from Sabah (Malaysia) is very similar, differing mainly by the supposedly clampless hyphae (Horak 1980) . The inclusion of E. callidermum within the basal grade of Entoloma phylogeny indicated that the value of pileipellis structure as criterion for higher taxonomic differentiation within the entolomatoid fungi needs to be revaluated. Notes -The present collection consists of only one, mature basidioma. In many respects it can be identified as E. coe ruleoviride. This striking species, only known so far from Singapore Botanic Gardens, has a sterile lamella edge with clavate cheilocystidia (Horak 1980, pl. 6c ). More material is needed to evaluate the differences between our material and the holotype. Entoloma rugosopruinatum from Sabah (Malaysia) is macroscopically similar, but differs by having a true hymeniderm of clavate, much wider elements, and clampless hyphae. Entoloma kermandii G.M. Gates & Noordel. is also similar, differing mainly by the different colour of the basidioma, and fusiform stipe, frequently with yellow tinge at base. 
